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In a mertiod for wireless data communication between a transmitter and a receiver in a wireless communication system, groups of 
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are spaced apart to provide transmit diversity. In one embodiment, the transform is' a space-time transform. 
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METHOD AND SYSTEM USING TRANSMIT DIVERSITY TECHNIQUES 



Field of the Invention 

The present invention is related in general to wireless communications 
systems, and more particularly to an improved method and system for 
transmitting and demodulating a communications signal that has been 
transmitted from an antenna array using a new combination of transmit diversity 
techniques. 

Background of the Invention 

An important goal in designing a wireless communication system is to 
increase the number of users that may be simultaneously served by the 
communication system. This goal may be referred to as increasing system 
capacity. In an interference limited system, such as a code division multiple access 
(CDMA) wireless communications system, one way to increase capacity is by 
lowering the transmit power allocated to each user. By lowering the allocated 
transmit power, interference for all users is lowered, which provides additional 
capacity which may be used to add new users. - .... 

One way to lower the transmit power for each user is to increase the 
'efficiency of the wireless link or chanhel between' the user or subscriber unit and 
the base station that serves that user.. One phenomena.thaf reduces the efficiency 
of the' communications link'is fading. Fading may take.^several forms, 6ne of 
which is referred to as multi-path fading. Multipath .fadir>g is caused by two; or 
rnqre, copies; of a transmitted signal combining at the receiver in a way /that 
reduces the overall received signal level. .; 

In the prior art, several__diversity techniques have been proposed'. ''for 
reducing the effects of fadi^ig: These techniques;;;include orthogonal transmit 
diversity (OTD) and space-time transmit diversity, (STTD). / , ; 

With reference now to FIG. 1, there is depif ted a high-level block diagram 
of a transmitter and receiver for implementing an orthogonal transmit diversity 
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systefh.- As illustrated; data source -ZO proYid.eS' a streiam of .. symbols, vyhich may 
be 'encoded and interleaved- Such. 'symbols -may represent data in one or more 
traffic channels which are to be transmitted to the subscriber unit. Data in the 
traffic channels:, may represent voice, data, video, or other data a user desires to 
transport via, the communication system. 

The, rate that symbols are output from data source 20 is controlled by 
symbol clqck 22. Symbols Sj and Sj are shown conming from data Voiirce 20 
. wherein each symbol is Output for 1 period of symbol clock 22, or a symbol period 
which may be described, as the . duratton from} Tp to T^. 

'• • The serial stream of symbols from data source 20 is coupled to connmutator 
24; which' switches at the rate of symbol clock 22. Commutator 24 sends the first 
symbol to spreader 26/ then switches to send the secorid .symb.pl, Sy to spreader 
28. Subsequent symbols alternate each symbol period between spreader 26, and 

Spreaders 26 'ahd' ' 28 spread "thie '^ by a 

spreading code, such as a Walsh c&de. ' Betau^e the-symbol.rate ,at ,sprea4ers 26 
and 28 is half the' rate that synibols are sourced from data source. 20, , a single 
Walsh code may be concatenated to form a new Walsh code, at spreader 26, and 
concatenated with an inverted' copy to' form the 'spreading code atspreader 28. 
With these double-length'Walsh codes used to spread half-rate symbols,, the chip,, 
fate output by spreaders 16 and 28 remains the safrie as a transimission without 
OTD. ■ , •„ . . . 

The outputs of' spreaders 26 and 28 are couplgd td radio 'frequency 
trarismitters 30 and 31 These iridio ' frequency -transniitters may -include a 
modulator, followed by an vip coriveridr for up converting thb modulated signal tOv 
a selected carrier 'Irequehcyi"" ifintti'an arifiplifier- fdr'-providixig suitable ..pow.er for 
transnvitting the radib'ffequerTlcy signal. ' . ; • . • . ; ,.!:• 

""■ ' 1rhe---6iitp^ts'-"of- radio ••"frequiency -.itransmittgrs . 3Q- :and ,_^2 are coupled to 
antennas 34 and 36 for sirnultaneously transmitting symbols. S^ and Sj^^- Because 
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antennas 34 and 36 are spaced<apart;~the chaxacteristics of the various path^ or 
rays that the signals foUow from eadi antenna to, the su^jscriber unit. m.ay be 
measured separately- and described by coefficients shown as. r,; and r^. where r^ 
and r^ are complex numbers that, represent the " gain and . phase of the channel. 

5 Although r, and r, are treated here as single values, they niay be vectors which 
. . describe the gain and phase of a plurality of resolvable inultipath rays. 

Antenna 38 is used by the subscriber unit to receive signals, transrnif ted 
from antennas 34 and 36. The received signal is down converted ah demodulated 
in down converter and demodulator 40 and decoded in- OTD. decoder 42. r , . 

10 " the output of 'OTD decoder 42 is recovered, synibols. multiplied by the 
square of the magnitude of the channel' coefficients r^ and r^. respectively. , Farther 

■ details of the operation 6f OTD decoder 42 aire' show^i in FIG. g,^ wliich is disqussed 

'below. - •■ •:• ' .'■■.u ' ^r--: • .. r:-.- M.,- c' 

The OTD decoder outputs are coupled to deinterleaver and decoder 44 for 
15 the deinterleavirtg and decoding processes, th^t cprr^sponcjs to the encoding and 
interleaving processes performeci iri^data, source 20, The output of deinterleaver 

■ ,.- ahd dfecoder 44 is the traffic channel data. Transmit power is reduced for the same 

quality- of- service with the OTD diversity technique because different symbols 
experience different ;channel,gains. . This lowers the likelihood that both symbols 
2o: -will simultaneously experience a deep fade. This statistical unlikelihood that both 
■symbols wail be faded improves the decoder performance. .. . 

With reference now to FIG. 2 there is depicted a schematic representation 
, of OTD decoder 42, which is used in..FIG. 1. The input to OTD decoder 42 is a 
i ^down-converted received signal,- which was received jf^om antenna 38. This signal 
25 ; contains traffic- channels for, all user^ ajong with pilot signals that may be used to 
■ estirriate the charmels from each.franspjut.^nten^ia, .Channel estimator 50 evaluates 
the pilot signals and calculates channel icpe/ficiepts r^. .^d ij.. , , . ^ 
• • III a preferred' embodiment, despreadei^s 52 and 54 despread the received 
■ signal using a-single Walsh.code that has been concatenated, as in the transmitter, 
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in bider' to recover symbols Sj arvd Sj.- 1 Multipliers 56 and 58 multiply these 
recover^d 'symbols by the conjugate of the channel estimates in order to 
compensate for gain and phase changes that occurred in the channel. 
Decommutatbr 59 is used- to. restore the sjonbol . order ar\d thereby double the 
symbol rate of= the -outputs from -multipliers 56 and 58. The outputs of OTD 
decoder 42 arfe'the symbols- multiplied by the magnitude of the respecrive channel 
'^'stimate squared.- ' ; • i - . . • . . 

- • ' ■ ' With- reference now to FIG. 3, there is depicted another method and system 
for providing transmit diversity. FIG. 3 illustrates a space-time transmit diversity 
tSrahsmitt^r and receiver. As illustrated, data, source. 20 and symbol clock 22 
provide symbols and Sj to space-time coder 60. , At. the input, ^S,. is received by 
space-tirne coder 60 during th^ period from to T,. Symbol Sj is received at the 
ir\put of space-time coder 60 during the period from Tj^b T^. Space-time coder 60, 
which is a special type of transform operation, has-'two outputs that provide 
transform si gnals^ to two branches of the transmitter.' 

At the first output of space-time' coder "SO, symbol S, is output during the 
symbol time fromT^ to Tj, followed by symbol S, from symbol tirrie T,td%. The 
second output of space-time coder 60 outputs the negative complex conjugate of 
symbol S2 during .time T^: to T^, followed by the complex conjugate of symbol 

from the period to Tj. - - " 

The first and second space-time encoded data: streams output by space-time 
coder 60 are then input mto' spreaders^ 62 and ^64; As shown; spr 64 
' use Walsh code W^. 'Note that th& chip irate per syrnbol remains the same as in the. 

OTD diversity transnutter. " " ' ^ ' ^- " ■ 

Following the spreadirig'funttibh at spreader^ 62 arid 64>.>the. spread data 
streams ' are ' modulated'; up' converted; and amplified by -radio ; frequency 
transmitters 30 and 32. ^ - • . . , ^ -r: h;, : . v - ^ 
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The outputs of radio' frequency ■ transmitters 30 and 32 are. cpupled to 
antennas 34 and 36, which transmit the :signals via cha^nels.that inay be described 
with channel coefficients f, arid r,. • - « '. . ; ■ : . /; . 

In the subscriber linit, antenn.T 38 receives the transmitted signals. The 
transmitted signals " are then doWn converted using . down . converter and 
demodulator 40 and cciupled to despreader; 41, and thereafter, to , space-time 
decoder 66. The output of space-time decoder 66 is the .estimated symbols 
multiplied by Vfactdr calculated from the sumH>f the squares of the magnitude of 
the channel coefficients. These symbols and factors are- , then input into 
deinterleaver arid decoder 44, which deinterleaves and decodes the .syncilpols and 
outputs traffic channel data. ■ - . •. .• .- ■ ■ . . , 

Although deinterleaver and decoder 44 a re ^hown with the sa^ne reference 
.numeral in EIG. 1 and FIG. 3 for both. the OTD and STTD diversity schemes, 
respectively, it is irnportant to understand that the deinterleaver and decoder 
function corresponds to the .encoding and interleavihg processes used m. data 
• source.. 20. Some, performance improvements may be realized' by selecting 
interleaving schemes specifically for a particaiar one' of the diversity techniques. 
The reason that a ciifferenf interleaving function provides a different result is that 
the OTD diversity scheme uses commutator 24.-Thfe interleaving scheme for OTD 
should be selected so that adjacent symbols experience different fading through 

different channels. - ; . ■ 

• With' reference now to/FIG. 4,. there is depicted a high-level schematic 
■ diagram of a space-time decQder,.as used in. Eip. 3 at reference, numpal 66. ^ 

'The input. to i space-time decoder 66 is .a do\yn converted and despread 
received signal that was received from antenna 38. This signal contains traffic 
channel data for ..alLusers .along yvith p.ilot sigrials that may be used to estimate the 
;Channels. from each transmit antenna, Channel estimator 50 evaluates these pilot 
signals and calculates channel coefficients r, and r^. , . _ . 

Complex conjugators 70 are used as shown to compute the complex 
conjugate of the down converted and despread signal, and compute the conjugate 
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of Channel coefficient r, fbr ir^iit to'^idtipfiers 72. Multipliers 72 are used to 
multiply" the received signal, oi--- the cbrnf>lex conjugate of the received signal, by 
Channel coefficients rl, or the coniplex conjugate of channel coefficients r,. Adders 
74 are use.d to add the output signals "from multipliers, 72 to produce signals that 
5 represent a symbol rnultiplied' by a 'factor"" computed frbrti both channel 
. cqefficients. These weighted symbols are then decommutated by decommutator 
76 to produce the sequential output of the weighted syml)dis: ' • 
. , . , . , Note that .signals labeled x,(t) are different— they ' are 'derived ' from the 
signal x(t) at two different times, the times of two sequential symbols periods. 
10 r , - . The two^methods that are described above fof providing 'transmit diversity 
use two antennas. Additional transmit diversity may' be obtained by increasing 
..the nurrtber of. antennas. The orthogonal transmit diversity method may be easily 
implemented with more than two antennas, however mierely adding antennas 
does,not increase performance as much as other methods with the same number 
15.; of antennas. 

With regard to the transmitter that uses 'space-time trahsnut diversity, this 
technique is not easily expanded beyond two antennas' without using additional 
system resources, such as Walsh codes or increasing the coding rate, which results 
in any gain in diversity being cancelled by the loss of capacity . ' - 
20 Therefore, it should be apparent that there is a" need for. an improved 

method and system for transmitting and ' receiving signals transmitted from an 
antenna array with transput diversity tectiniques. ■" ■ . 
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Brief DfBSCfiption. of, the Drawings 

The novel features beU,eved characteristic of the mvention are set forth in 
the appended claims. The invention itself,^however, as well as a preferred mode of 
. use, further objects, and advantages thereof, will best be understood by reference 
5 -to the following detailed description of an illustrative embodiment Vhen read in 
conjunctiion with the accompanying drawings, wherein: - ' 

FIG. 1 depicts a high-level block diagram illustrating ' a transrifutter' and 
receiver for implementing orthogonal transmit diversity; 

FIG. 2 depicts a schematic representation of orthogonal' transmit diversity 

10 decoder, as shovyn in FIG. 1; 

FIG. 3 depicts a space-time transmit' diversify method" and system for 

• providing -transmit diversity; , 

FIG. 4 depicts a hi gh-Jevei schematic d^^ 

shown in FIG. 3; ; . . ; , ...... 

15 FIG. 5 depicts a system for transmitting sisals from' ari anterma- array 

using a transmit.diversity technique in accordance with the method' and system of 

the present invention; ... , , . 

FIG. 6. depicts a high-level logic flowchart illustrating the method and 

operation of the transmitter depicted in Fig. 5 according to the method and system 
20 of the present invention; . 

. ■ . . ! -. FIG; 7 depicts a subscriber unit for receiving and demodulating a signal 
transmitted by the transn-iitter of FIG. 5; . . 

FIG. 8 depicts a high-level logic flowchart illustrating the method and 
operahon of the subscriber unit shown in FIG. 7 in accordance with the method 
25 and systern of the present invention; 

FIG. 9 depicts an alternative embodiment of a transmitter in accordance 
with the method and system of the present invention; 

FIG. 10 depicts another embodiment of a transmitter having selected 

anterma outputs; 
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FIG. 11 depicts a receiyec which rriay;be used in a subscriber unit to receive 
si-^ais transrmtted by the transmitter shown in^^F 

FIG. 12 depicts a transmitter for providing signals with transmit diversity; 
■ ' ■ FIG. IS^depicts a high-level logic flowchart illustrating the method and 
5 •' ' ■system operkhdn of the transmitter shown in FIG. ^ 

'■ FIG; 14 ' depicts a receiver, for receiving and demodulating the signals 
transmitted with transmit diversity from the transmitter shown in FIG. 12; 
■ ■ ' "i- ' FIG. 15 depicts a high-level logic flowchart that shows the method and 
' oF)erati6nof:the diversity receiver shown in FIG. 14; and ^ 
10 " ■ FIG. IS depicts a transmitter for transmitting diversity signals that has 
'Antenna selection., . '■ . . , , , . . 
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Detahed bescripUon of the Invention 

With reference now to FIG. 5, there is depict^ a sysjem.for transmitting 
signals from an antenna array uiing a transmit diversity :t.chnique. in accordance 
with the method and system of the present invention. As shown, data source 20 
provides a data stream of symbols, which may ^be encoded; and interleaved. ...These 
symbols, shown as S, th;ough S„ are output at a rate determined by symbol clock 
22 

The output of data source 20 is coupled to conrunutator ■80,:vyhich, in this 
example, selects pairs of symbols that are output along branches 82,and. 84 of the 
transmitter. Note that commutator 8b operates at one half of the.rate of symbol 
clock 22, as shown by the output from divider 86. This means that the, data rates 
along branches 82 and 84 are half the rate output from data source 20. Divider 86 
divides by two because two symbols are selected for each branch. If any other 
number of symbols were selected for each branch, divider 86 would divide by the 

number of symbols selected. 

Transformers 88 and'gO are coupled to the data streams output from 
commutator 80. Transformers 88 and 90 transform the pairs of symbols to 
produce two data streams that represent different mathematical combinations of 
the group of symbols that was input into the transformer. The groups of symbols 
are transformed, or combined mathematically, in such a way that they may be 
mathematically separated in the receiver using the measured channel coefficients. 

In a preferred embodiment, transformers 88 and 90 are implemented with 
space-time coders, such as a space-time coder 60 described with reference to FIG. 
3. In the example shown in FIG. 5, space-time coders 88 and 90 each output first 
and second space-time encoded data streams, which are then coupled to the input 
of spreaders 92 in branch 82 and spreaders 94 in branch 84. Spreaders 92 use the 
same spreading code, which is shown in FIG. 5 as the concatenation of W, with 
W, Spreaders 94 use another spreading code formed by concatenating W, with 
thl inverse of W, The spreading codes selected for spreaders 92 and spreaders 94 
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15 



20 



25 



are orthogonal tb one an6ther'in the ser.se -the. signals in branches SZ^and 84 may 
be separated frorh one another at the :fe.Geiver.. •-- V ^ • • ^• 

The output of spreaders 92 and spreaders. 94, which may^be referred to as 
anienna data ' streams, ' ar^' then'- rnodulated, up .converted, amplified, and 
trar^smitted from a selected 'ariten!na element in.an antenna array,. The modulation 
and up conversion fimction are'sh^wn in FIG. 5:at modulator and up coriverters 
' 96. Amplification is performed by amplifiers 98, which are coupled to antennas 
100 through lOe. ' - 

' ' ■' ■ Referring now to FIG. 6, there is-depicted a high-levellogic flovychart that 
illustrates the method and operation of the transmitter depicted in Fig. 5 
according to the method arid systeif^ of the present invention.: As shown, the 
process stkrts at block iob and thereafter passes to block ,302 ..wherein the .process 
cominutates groups of symbols of an input data stream to prqduce a plurahty of 
' commutated. data stream^-. " this step may be. implemented as. shown in FIG. 5 
with commutator 80 that commutates pairs-of sym.bols to produce a plurality of 
comniutated data^ streams,' which ar^ then ihpuf into space-time coders 88 and 90. 
Next, the process transforms' each 'group of : symbols in each of .the plurality of 
commutated data streams to produce first and second transformed data streams, 
as illustrated at' block 304. In a preferred embodiment, and as shown in FIG. 5, 
this transforming step may be implemented using . space-tim.e coders.. . such as 
space-time coders 88 and 90. 

' " This transform operation may be represented mathemciti.cally as described 

below. The input vector is - ; •: 

x=is„s,]'' ' ■"• ■■■■ ' '■ - ■' ' ■ - 

Where S, and ' S. are thV (complex-valued); , input symbols. , The 
corresponding output vector is - . . -• ' r , -, , 

; . ■ y^^^^>i^ = [S,', -'s;*fT ='{S; S^ll [.f^repfesems' v transpose 
• .^operation,. and, y* denotes conjugation.- _ 
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' This transfbrm is characterized by the fact that the commutated data 
streams input into the transformers may, t)e recpvered at the sul?scriber unit after 
passing through the radio frequency charmel. . • 

After transforrAing each commutated data s.tream, the process spreads each 
■5 pair of -first and 'se'cbnd transforjned data streams with a spreading code to 

• • produce antenna • data streams,, as depicted at block 306. In this spreading 

^ operation,.' 'the plurality of transformed data streams output by a 'single 
transformer are each spread with the same spreading code. Transformed data 
streams output by -different transformers are .spread with different spreading 

• 10 ' codes. - This step-is illustrated in FIG. 5 wherein the outputs from space-time coder 

- 88 are both spread with the same spreading code at spreaders 92, While the 
outputs from space-time^ coder 90 are spread v^rjth ^ another sprWing^^' at 

spreaders 94: ' ■ : .'r i. • .-. ■• ,. . - ■.■ . . ., ^ t;-.^-,..>^ , 

' Pmally; «aCh-'antenna. da.ta streaiji .is, modulated, up convertea; ampUfied, 

15 and transmitted -from a. selected ai^terma element m an antennrar^ 

illustfated at block 308. This step > shown in FIG. 5 wherein modulator and up 
converters 96 represent the- modulaHon,.and up-conversion steps. Amplifiers 98 
■ ■ ■ ir^crease th6 power of the signals sc? that they may be transmitted by antennas 100 
■ " through 106. ■ As discussed later, pilot signals are added in the transmitter so that 
20 channel measurements can be rnade. ^ . ,, . . . 

Referring now to FIG. 7, there is depicted a subscriber unit for receiving 
■ ^- and demodulating^ a signal transmitted hy the transmitter of FIG. 5. As 
illustrated, antenna 120 receives signals transmitted from antennas 100 through 
106 (see FIG. 5), wherein each signal has traveled through a path or channel that 
25 may be described' by channel coefficients r, through r,. Signals from antenna 120 
are coupled to down converter and demodulator 122, which removes the carrier 
from the signals and produces a baseband received sig^nal. 
■ ,.The baseband received signal is coupled to the inputs of despreaders 124 

and 126, which remove the spreading codes that were used at spreaders 92 and 94 
30 in FIG. 5. These despreaders 124 and 126 are used tb separate the 'baseband 
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receiveci signal into two signals:that correspond to the signals in branches 82 and 
84 of FIG. 5; T1.^^outputs.6f despreaders 124 and 126 are despread. baseband 

received signals. ' - / ' \. . . 

' -^The dekpread baseband, received si.gi>als are then" coupled to inverse 
transformers 128 and 130. . In a preferred embodiment, inverse transformers are 
implemehted' with STTD decoders, as shown in FIG. 4. ' However, in each 
embodiment of the invention, inverse, transformers 128 'and = i30 perform the 
inverse operation of the operation performed in transformers 88 and'90 in FIG. 5. 
This inverse transform ideally has zero inter-symbol interferenire, how'ever some 

' trWsform^ operations may have some minimal residual inter-symbol interference. 

^ • In tKe preferred -ernbodiment, using the STTD decoder, the inverse 

• transform mathematical operation.rnay be. described by the equation below. The 
redeived'signalsMtwo/consecutiv^syixibolp^^ 

■ ■ " ■'Xi^r[Vr,S2*'andX2=rrS^^^^ . 

■ ' thiis/trai^mittedsymbols^can be recovered as^^^^^^ 

■ Outputs from inverse transformers . 128 and 130^, are coupled to de- 
commutator 132, which^eofders the symbo^ output by irwerse transformers 128 
'and 130 to produce th^ brigmal symbol order at the original symbol rate output by 
" data source 20 (see FIG. 's)'. Note that in: the- exajr^ple shown FIG. 7, de- 
commutator 132 op^r^tes at one half the symbol rate to produce an output at the 
^ full symbor'rate: If symbols- arfe'grouped in. groups larger than pairs of symbols, 
, . de^commutator i32 woufd -bp^ra^ symbol rate divided by the number of 

, symbols in a group. - • ^- - / . ^ 

' TheVutpufold^-commutator 132 is couple 
134: Deinterleaver ank decode* 134:deinterjeaves and decodes the. symbols in 
operations that match the interleaving and encoding methods used in data source 

' ''20 (see FIG. 5^ Tiie ouli.^ of -deinterleav^r.and d^codp^ 134 is a symbol data 
stream representing the traffic channel data.. J, i. . . • . ; .. . 
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' Two 'type of gains may be reaKied ftom,the,atcbitecture shown in HG. 7. 
One type of gain is a path gain, Which -is realized because paths r, and r, are 
combined in a coherent way, as shown by the factors in the outputs from inverse 
transformers 128 and 130. Additionally, decoding gain , may be realized because 
the circuit in FIG. 7 has multiple tiranches, wherein the branches ar, distinsa.shed 
by a daspreader coupled to an inverse transformer. The signals .processed^ in these 
branches have traveled through different paths, which make, it statistif ally less 
. likely' that the signals on both of the branches will experience a.deep fade.at the 

same time. . .. ' ' , 4- 

" Referring r^ow to FIG. 8; there is depicted a. Wgh-level, logic flowchart that 

illustrates the method and^peration of .he subscriber^xmit shown in FIG. 7 in 
accordance with the method and systexh of the present inverxtipn.,^ As iUuftrated, 
the process begins at block 320 ahd thete^fte. passes t<, l^lqck 322 ^herein the 
process receives and down-converts .^ receivedcsignal to .produce a baseband 
received signal li^s Wp rhay be-^implerr^r^ted with down converter and 
demodulator 122, as shown in FIG..^7/'. ... ^ - . • - \ - 

' ' ^' ^ Next the process d'espreads the baseband received signal using a plurahty 
of Walsh codes that correspond, to- the Walsh codes used in the transmitter for 

^ producing the antehna data Streams, a.-iUustrated at block 324. The output of the 
despreaders are referred to as receive.d .transformed signals, and the despreadmg 

■ 6peration is shown in FIG. T at despreaders 124 and 126. ^ 

" ^ The process hext inverse transforms each received transformed signal usmg 
a plurality of inverse transformers to.prodvce inverse transformer output signals, 
as depicted at block 326. In a preferred embodiment, this step is implemented 
with STTD decoders coupled to the outputs gf each despreader 124 and 126 (see 
FIG. 7). ' the mathematical operation perfprrped in inverse transformers 128 and 
130 is disciassed With reference to HG. 7,.^ 
~ •■ ■ -l^^xt' the inverse transformer op tput signals are decqmmutated to produce 
an interleaved encoded signal, as- illustrated. at block 328. I^is st^p is performed 
by de-commutator 132, as shown in FIG. 7. 



3 
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■ ' - FinaUy, the ihterWed encoded signal is deinterleaved and decoded to 
p^duce the traffic' channel, dataosignal,- as- depicted at block 330. The de- 
interleaving and decoding process compliments the. encoding, and interleaving 
process that may have been performed on the input.da.ta stream provided by data 
Wee 20 (see FIG. 3). Following block 330, the process iteratively returns to block 
' 322; Wherein -a hew signal is received and . demodulated and decoded in a similar 

manner. ' ' - • , • . ; . • . : - ■ . . 

■ ■ - ■ With reference now to HG. 9, there is depicted an alternative ernbodiment 
'-(^ra Unsmitter "in -accordance -with the method and system of the present 
'inVeritioh.' The transmitter shown in FIGi-9 is similar to the transmitter shown in 
'fig: 5; and siinilar portions of the schematic are. shown with the same reference 
■rfurherals.- The performance, of the .transmitter in FIG. 9 is harther improved by the 
..addition of antenna- selector 1^0,. which is coupled between amplifiers 98 and 
antennas :100.thrQugh 106, . Antenna selector 140 may couple the output of any 
■amplifier .98. to any ^ar^tenna_ 100 through 106. Pi-eferabV/ the output of each 
amplifier 98 is coupled exclusively fo one of the antem^as af any given time. 

.. In a preferred embodiment, antenna signals 142-148 are fcoupled to -selected 
, , antennas by antenna selector 140 in a switching pattern shown in the table-below. 



Time Period 


Signal 142 


Signals 144 


0 . ,T,- 






T.- 2T,. . 




■ , • A3 . 


' 2 T/- -3T; 







Signal 146 



Signal 148 



th^ switchirig pattern inay be stored in switching .pattern generator 150, 

'""which is'doupled to antenna. selector 140. , While the. antenna. switching pattern 
• shown' in taWe 1 is a periodic switching pattern with three states, other methods 
' 6f sv.i/chin>g with a larger:number ofvstatesjs p^^^^^^^^ of 
periodic switching, random switching may be us.^d.^ Whatever pattern and timing 
■ of Witching4s sel'^cted, knowledge, of this, switching pattern i^s required in the 
"siibscriber uhit so that ;the proper channel coefficients may be multiplied by the 

proper symbols in fee symbol demodulator. 

, ; -14- 
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The rate at which antenna 'sefector- 140 .changes is synchronized with 
symbol clock 22 and deteririined by the outpvat of divider 152. Thus,, the antenna 
switching rate is slower than the symbol rate. ^ . . . , 

The subscriber unit used to receive signals transmitted by the transmitter of 
FIG. 9 is similar to the" receiver affchitecture shown in FIG. 7,-. However, in order 
to receive a signal thdt uses'antenna switching as shown in .FIG.. 9, each, inverse 
transformer must include a channel estimator that can select the proper channel to 
estimate based" on the antennas selected at. the transmitter.. In a preferred 
embodiment, the ir^verse transformer is a-spaee-time decoder, such as space-time 
decbder 66" shown in FIG. 4.- Wheh antenna signals,l,42 and 144 are coupled to 
antennas A,' and A^, respectively: channel estimator , 50 estimates phannel 
.coefficients r^ and r^. For antenna signals' 146 and 148, channel estimator 50 in 
, space-time decoder 66' would estimate cAanAfel coefficients r3 and r^,. As new 
, combinations of.antennas are selected by an selector 140; channel estimator 
SO.may estimate, for example, r\ and r,. It is impbrtant 'that Chorine! estimator 50 
in space-time decoder 66 estimate channel coefficients for the channels used by 
one.of the transformers in the transmitter. Optional switching pattern generator 
154 .is shown in space-time-decoder 56 (See FIG. 4) for the purpose of selecting the 
proper channel coefficients. 

With reference now to FIG. 10 there is depicted yet another embodiment of 

a transmitter haVing switched or selected antenna outputs. The transmitter 
depicted in FIG. 10 is similar to that depicted in FIG. 9, however antenna selector 
■ 160 is coupled 'to OTiiy three antennas, antejinas IQO through 104. -Because antenna 
' selector 160 'is connected td^ only three anter^nas; switching pattern generator 162 
must accommodate ^a switching pattern wMch;maps four antenna signals 142-148 
■ into'three ahtenhas 100 through: 104; Jn.. this embodiment, more, than one antenna 
signal i^ mapped to a selected antenn^^ • :r . , . v, . , •. 

• lief erring rioW 'to FIG: 11, there is depicted, a receiver which may be used in 
a'subsCTiber unit to receive signals transnutted by the transmitter shovyn iri FIG. 

10 As shown, antenna 120 receives signals -transmitted from antennas 100 
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through 104 (see FIG. 10) and^couples :the received signals to down converter and 
demodulator- 122.- -The output .of down converter and demodulator 122 is a 

baseband received signal. . . : 

The -baseband received signal is , coupleid to^ despreaders 124 and 126, 
wherein the baseband signal, is despread using two different despreading codes, 
' ^as shown. .The two despreading codes correspond to spreading codes used by 
spreaders- 92 and 94 in the transmitter shown in FIG. 10. 

^ ; The outputs of despreaders 124 and 126, which may be referred to as 
despread baseband received signals, are coupled to inverse transformers 172, 

■ respectively. Inverse transformers 172 perform the inverse operation 'of that 
performed in-transformers-88 and 90 (see FIG. 10) except that 'inverse transformers 

■ 172 have: specific knowledge of the switching pattern used in antenna s^elector 160 
so that it may calculate the proper channel coefficients. This switching pattern is 
provided to- inverse -.transformers .172 by switching pattern generator 174. 

: Switching pattern, generator produces a pattern similar to that produced in 
switching pattern generator 162 in the. trai^smitte^ 

.The inverse. transformer output signals are coupled to de-commutator 132 
which reorders the channel .detected symbols from the two branches of the 
receiver.. In this example, where symbols are grouped in pairs, the clock in de- 
commutator 132 .runs at one .half the symbol rate. The output of de-commutator 

132 is an interleaved encoded signa,l. . 
^ Theinterl'eavedencodedsigTial isinputinto deinterleaver and decoder 134, 

which.deinterleav.es. and decodes the symbols according the appropriate de- 
interleaving and decoding schemes that compliment the schemes used in data 
'source 20. : V - ■. : .k _ ' 

' ■ The- coeffiGients.shc)wn in FIQ, Jl at the outputs of inverse transformers 172 
.-; -represent-the -signal?; ouipu,K%e^,5nterma signal 142 is coupled to antenna 100, 
- antenna- signal;. 144 is cQupled tp, antenna, 102, antenna signal 146 is coupled to 

antenna 104, and antenna signal 148 is coupled to antenna 100. 
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~ With reference now to FlGJl2Vthcre i.s.dep.icted a.trans.mitter for providing 
signals with transmit' diversity.- As shown, data- source 20 provides an encoded 
and interleaved traffic channel data source, of which two .syn^ibols are shown as 
symbols S, and S,. The rate ofthe output from data source 20 is controlled by 
symbol clock 22. The output of data source'- 20= is coupled to. the input of 
transformer 88 which transforms groups of^symbdls to produce a plurality of 
transformed data streams as an output: In a preferred embodirnent, transformer 
88 may be implemented with a space-tihie' coder, similar to the space-time coder 
discussed above with reference to FIG. 3.' • ' . ' 

' The plurality of transformed data streams output by transformer-, 88 are 
coupled to a plurality of spreaders,'- shou-n- m' FIG. -12 -as. spreaders 92. .- In the 
transmitter shown in FIG. 12, ihe outputs of ti-ansfbrmer -88- are, spread with the 

same spreading code. 

The output of spreaders 92 may be referred AO as .antenna data streams 
because they are ' ready' for modulation, up' conversion, amplifying, and 
transmitting via an antenna? In 'the e:^ample shdvvh iri FIG. 12, these antenna data 

' streams are input into commutaV6r l70i"which commutates the signal at a divided 
symbol clock rate determined by divider 152: In this example, commutator 170 
switches antenna data streams between two different paths selected for each data 
stream, which produces four commiita ted antenna data streams. 

In a preferred embodiment, the switches in commutator 170 select an 
output forja period of two symbol times. Other'clock rates may be used, wherein 
tKe clock has a period of N times the humber of symbols in a group, times the 
symbol time. - . .. ■ 

The outputs of commutator 170 are coupled to a selected modulator and up 
converter 96, which modulates the signa^l and upxohverts^the sigi^al to the carrier 
frequency." Note that wh^h =iri 'o\j\!prlxfU c6mmiH:atror;170.. is . notsconnected to 

' modulator and up converter 96, the inpiit to^ that modulator and up converter is 
set to zero. ^ 
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Outputs -Jrom modulator and up :cGhverter 96 are coupled to mputs of a 
hybrid matrix amplifier 180 for amplifying the signals so that they, may be 
transmitted froni antennas lOO through 106. Hybrid matrix amplifier 180 includes 
transformer' 18i Raving outputs coupled to amplifiers 98. Each amplifier 98 has an 
output coupled to an input of an inverse -transformer -184, wWch perforn^s a 
complimentary transform to the transform . performed , iri . transformer 182. 
Transformer 182 and inverse transformer '184 are preferably implemented with 
fourier ma Ax transformers. The advantage of usinghybri.d matrix amplifier 180 
is' that all amplifiers 98 equally" share the power amplifying function, even when 
some inputs to hybricl matrix amplifier 180 are set to zero. ■ .. , , 

The outputs o^ hybrid "matrix- amplifier- 180 are coupled to ai\tennas 100 
through 106' for transrhitting signals over various ^channels with- transmit 
diversity. " - ■ . ., ■. ^ . 

Referring now to FIG. 13, there is depicted a high-level logic flowchart 
which illustrates the method and system operation of the transmitter shown in 
FIG. iL As' illustrated, the process begins at block 340 and thereafter passes to 
block 34i2 wherein the process traVisfornis grOups of symbols fr.on\ the input data 
stream to produce a plurality of "transforrhed data streams. This step .may be 
performed as shown in FIG. 12 with transformer 88. In.a preferred embodiment, 
the transform'eris a space-t'inae " trans'forinatidn -that produces first and second 
transformed data streams, as discussed- above with reference to FIG. 3, . 

Next, the process spreads the first and second transformed : data streams 
with a spreading code to prdduce first and second spread data streams, as 
illustrated at block 344! This step may be^ implemented with spreaders, as shown 
in FIG. 12 at reference numerals 92. • - '• " ■ . . 

^" ' Next, the proces^ determined whether or not the present group is an even 
group of symbols, as depicted at block 346. Note that in the present example, 
commutator 170 has two states which riiay be referred to as an even state and an 
odd state." If commutator 170 had more' than' two states,, the yprocess- would 
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determine the current state of the N. states: at block .346. The present example is 
simplified byusingordy two states: , - ; , \ .,. 

If the process determines that- the present group ip an .even group, the 
process selects the even amplifier inputs, as depicted.at block 348. However, if the 
5 process -determines that the . present . group is .an odd group, the process selects the 
odd arnplifier inputs, as illustrated at block 350. . ,, ^ 

Following "the selection of ..-the. amplifier inputs, the prpcess couples each 

■ pair of symbols represented in the firstand s,econd spread data streams to a pair 
-of amplifier inputs,, wherein the amplifier iI^puts cqrrespond to pair of a selected 

10 elements in an antenna array, as depicted at block 346. .This step is implernented 
■■ usihg a commutator, ;suchvas. commutator. 170 shown in FIG, 12.; Thus, the 

■ commutator connects a .pair of, a transformed and spread symbols from the 
outputs of spreaders 92 to a pair of inputs of an amplifier array, or hybrid matrix 

'amplifier. ' ' ." . 

is- ' After the amplifier inputs have be^n selected an^ coupkd, the process 
= modulates, up converts, arnplifies,.and-tran.smits the first and second spread data 

■ streams using the selected elements^ pf . the. antenna array, as depicted at block 354. 
• . Notfe that. in. a preferred embodiment of the present invention, these signals are 
■ amplified using a .hybrid matrix . aniplifler, as shown in FIG. 12 at reference 

20 numeral 180. . Thk hybrid matrix amplifier is^ selected because it reduces the peak- 
to-average value of the signals experienced by each amplifier in the hybrid matrix 

' ■ -arhplifief- array . ■ .. , ... ... 

> Note that while modulatpr and up cpnverters 96 are shown at the outputs 

■ ■ of comtnutator 170, a pair of modulator and up cony erters 96 may be ^sed prior to 

25 the input of commutator 170. . ' • . , , ■ , 

• '1 Fdllowing:;block 354, the process .iteratjvely. returns to block 342 to process 

• the next group of symbols.. . ; - . ; , , • . . 

• . 'r-- With reference now. to FIG,,-14, the.re is depicted a receiver for receivihg and 

• dernbdulatirig the signals transmitted with transmit diversity .fiom the transmitter 
30 shown in FIG. 12. As illustrated, antenna 120 receives signals via chaiiiiels that 
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may be described with channel Coefficients r, thrDughr,. , These signals .are coupled 
to doWn converter and der^odulafcir 122> which down converts and demodulates 
the signals to produce a baseband received signal.. 

" The basebahd received signal' is input into despreader.124 which despreads 
and produces a despread baseband received signal. , Despreader 124 _ uses a 
despreading code similar to the spreading code^used in.spreaders 92 in FIG. 12. 

The despread basebahd received signal is input into inverse transformer 
128, which provides an inverse transform function similar, .to, that discussed with 
reference to FiG. 4. The output of inverse transformer 128 is symbols -and 
multiplied by coherently combined channel gains; The outputs shown in.FIG. 14 
occupies two symbol times. In the next two "symbol times, as a result of antenna 
.svyitdiing at commutator" i7d; the symbbls uMll travel through different channels, 
"which' may be described by channel coeffici^^nts r," and r,.- Receiving different 
symbol ,th.rough different, channels provides interleaving gain. Receiving the 
same symbol J.hrough multiple channels providt^s path diversity gain/ ■ 

In a preferred embodiment, inverse transformer ' 128 may be implemented 
. with a space-time ^decoder, similar to that shown in FIG. 4. 

The output of .inverse transformer 128 is 'couple'd ' to deinterleaver and 
decoder 134. .Deinterleaver and decoder 134 deinterleaVes • and decodes the 
received symbols in a manner^ suitable for recovering traffic channel symbols 
.. provided at data source 20 in FIG. 12. 

For the purpose of channel estimation, the transmitter shown in FIG. 12 
may transmit either two pilots ,nuxed with the signals output from transformer 88, 
or.fpur pilots, whprein each antenna element 100 through'l06 has its own pilot. If 
,pilot signals are mixed with the first and second transformed data streams, -inverse 
... transfor.mei: 128 need not know the switching patteriH of commutator 170. If 
- .continuous .pilots are' added on' each antenna ' elemenr iOO tWough 106, then 
,,ir>yerse. transform.. 128 will ^.n^^ knoW the switcWng "pattern arid rate of 
switching in the transmitter of FIG. 12. 
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' " With reference now to FIG, 15, there.is .cfepicted.a .high-level logic flowchart 
that shows the method and -operation pi the diversity receiver shown in FIG. 14. 
As illustrated, the process begins at block 370 and thereafter passes to block 372 
wherein the process receives and- down converts, a received signal to produce a 

' baseband received signal ' ' . . - ; ■. . 

Next, the process despreads • the . baseband receive signal ' using a 

despreading code to produce received transformed, signals, as illustrated at block 
' 374:' The despreading code used in, this, step corresponds to the spreading code 

- Used in the transmitter for producing the first and second spread data streams 
with spreaders 92. (see FIG. 12). This despreading step may be performed by 
despreader 124 .as.shQwn in FIG. 14. 

Next,, the process performs an inverse transform operation on the received 
transform, signal to produce an interleaved encoded signal, as depicted at block 
376. This inverse transform step may be performeci by inverse transforrher 128, 
which is shown.in FIG.. 14. In a preferred embodiment, the inverse transtormer is 
,an,inverse space-time transformer, such as shown and described with reference to 

FIG. 4. . • 

- Finally, the process deinterleaves and decodes the interleaved encoded 
, signal to produce traffic channel data output. The de-interleaving and decoding 
. processes are selected to deinterleave and decode -the' processes used in data 

source 20 (see-FIG. 12). 
, . And . finally, referring to FIG' 16, there is depicted a diversity signal 

- ...transmitter that is similar to the transmitter shown in FIG. 12. The transmitter 

showin in FIG- 16 includes antenna switching to provide additional transmit 
, diversity. In Fip, 16, antenna selector 140 is coupled to the outputs of hybrid 
... matript amplifier. 180. VVithin antenna selector l40 any input may be coupled to 
.any, antenna output, as directed by switching pattern generator 150. The rate of 
. antenna jplectiQn is de.iermined by symbol clock' 22'aft^r it has been divided at 
divider 152 and further divided at divider 190. Thus, antehh'a'sdecfioh occurs at a 
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rate equal to or slower than the svNatGhing irrcommutator 170. The pattern output 
by switching pattern generator 150 may be the pattern shown in T^ble 1. 

In order to show the present invention conceptually, anterma selectors 140 
and 160 in FiGs. % lb/and'16' have been shown at the outputs of amplifiers 98 or 
at the output' of hybrid 'matrix amplifier 180. The switching performed by these 
antenna selector is preferably impleriiented on a baseband signal, such as the 
baseband signals following spreaders 92 and 94 in FIGs. 9 and 10> and the 
baseband signal following commutator 170 in FIG. 16. 

The foregoing description of a preferred embodirhent of the invention has 
been presented for the purpose of illustration and description/It is not intended to 
be exhaustive or to limit , the invention, to the precise form disclosed. Modifications 
or variations are possible.in light, of. the above teachings. The embodiment was 
chosen and described to provide the best illustration of the principles of the 
iriv^nfioh 'ah<a its practical^application, and ..to enable one pf ordinary skill in the 
art Id "utilize 'the invenfibni irii various . embodiments ^ and with various 
modifications as are suited to the particular use . contemplated. All such 
modifications and variahons are within the scope of the invention as''determined 
by the apperided claims when interpreted in accordance with the breadth to which 
they are fairly, legally, and equitably entitled. ■ ■ . 
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■ ■- - - • • Glaims' 
What is claujied is: ' • ... - . 

1. A method for transmittirig data from a transmitter to a 
receiver in a wireless, communication system, wherein the transmitter 
uses an antenna array to transmit a signal having transmit diversity, 
the method comprising the- steps of: 

commutating groups of symbols of a^ input data stream to 
produce a plurality of commutated data streams: ' ' • 

■ transforming the' plursility of comniutated -data streams: to produce 
a plurahty of transfoiTried data streams; ; 

■ spreading each tran^fonhed data, stream, with a selected one of a 
plui^ality of spreading codes to. produce a plurality of antenna 
■' signals; and • ■ - ■ ■ ' : 



transmittirig. each of . .the plurality of antenna signals using a 
selected one of a plurality, of spaced apart antennas, wherein 
the plurality of spaced apart antennas are spaced apart to 
15 provide transmit diversity. 



12 
13 
14 



2. The method for transmitting data according to claim 1 
wherein the step of commutating groups of symbols of an input data 
stream to produce a plurality of commutated data streams further 
includes: 
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selecting an'N-symbbl-group 'of an' input data stream, where N is 
' " greater than or equal to I--'. -^'f . : - 

' outputting the N-symbol group at a first conimutator output to 
produce a first commutated data stream; 

' • selecting a sfecond N-symbpl group of. the mput data stream: and 

■ ' - * . r ' 

outputting the second N-symbol group at a second commutator 
output to produce a second commutated data stream. 

■• ■■f ^3. The;,method for transmitting data according to claim 1 
wherein the 'step of .tran^fonrarig the pl^^^^ commutated data 
streams to produce a, plurality of transfoiroed data streams further 

uicludes:' :;. -r" . , ,,. 

space-time coding a first commutated diata stream to produce first 
and second transformed data streams; and 

space-time coding a _second cpmmutated data stream to produce 
third, and fourth transformed data streams. 

4. The method for transmitting data according to claim 3 
wherein the step of space-time coding a first cbirimutated data 
stream to produce first and second transformed data streams further 
includes: 
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in response to an input of a first gxommvitated data stream having 
symbols S1S1S2S2. outputtlng., duTiJig a. first period, symbols 
Si Si from a first transform output, and outputting a negative 
complex conjugate of symbols S2S2 froiii a. second, trajisform 
output: and ' ' ' ' • - . 

outputting. during a second period. . symbols S2S2 from the first 
transform output, and outputting a complex conjugate of 
symbols SiSi from the second transform output. . : ; 

5. The method for transmitting data according to claim 1 
wherein the step o^ transmitting eabh of the plurality of antenna 
signals using a selected one bf a plurality of spaced apart: antennas 
further includes ' modulating.' bpcdTiverting, - amplifying, r and 
transmitting each of the plurality of antenna signals using a selected 
one of a plurality of spaced apart antennas, wherein the plurality of 
spaced apart antennas aire spaced apai^t to provide transmit diversity. 

6. The method ibr transmitting data according to claim 1 
wherein the step of transriiittirlg each of the: plurality of antenna 
signals using a selected one of a plurality of spaced apart antennas 
further includes selecting different antennas in the antenna array for 

..transmitting, each of the plurality of antenna signals. 



7.' The method for -transnjitting data according to claim 6 
whereiii tlie ^tep' of peribdic^y selecting' different antennas in the 
afit'eniia~arr^y fof " traxismitting each; of the .plurality of antenna 
signals further includes periodically selecting, different antennas in 
the antenna array for transmitting each of the plurality of antenna 
signals ' accordiiig t6 an- antenna switching pattern that is 
synchronized with a symiDol clock divided by an Integer. 
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8. A system for traiismitting data frqm a transmitter to a 
receiver in a wireless commimication system, wherein the transinitter 
uses an anterma" art^y to transmit a signal having transmit diversity, 
the system comprising: ■ ; ; . 



t 



- a commutator for; commutating groups of symbols of an input 
data stream to produce a plurality of commutated data 
streams; 

transformers for transforming the plurality of commutated data 
streams to produce a plurality of transformed data streams; 

spreaders for spreading each transformed data stream with a 
selected one of a plurality of spreading codes to produce a 
plurality of antenna signals; and 

transmitters for transmitting each of the plurality of antenna 
signals using a selected one of a pluraUty of spaced apart 
antennas, wherein the plurality of spaced apart antennas are 
spaced apart to provide transmit diversity. 

9. The system for transmitting data according to claim 8 
wherein the commutator for commutating groups of symbols of an 
input data stream to produce a plurality of commutated data streams 
further includes: 
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- means f6r- selecting an; N,-symbpVgroup of an input data stream, 
• : where N is greater, .tiian or equal , to 1 ; . 

. means ifor outgutting the N-symbol group at a first commutator 
output to produce a first commutated data stream; 

■ means for selecting a second N-symbol group of the input data 
• , •. stream; and . , 

means for outputting the second N-symbol group at" a second 
commutator output to produce a second commutated data 
■ streain. - . j . . _■ .. - ; • ■■ 

10. T^e. system for transmittinjg data according to claim 8 
-wlierein . the transformers for transforming ' the plurality of 
commutated data streams to produce "a plurality of transformed data 
streams further includes: - 

a first space-time coder for space-time coding a first commutated 
data stream to produce first and second transformed data 
^ streams; and , . 

a second space-time coder for ' space-time coding a second 
. , cpnunutated data stream to produce third" and fourth 
transformed data streams. 

11. The system for transmitting data according to claim 10 
wherein the first space-time coder for space-time coding a first 
commutated data stream to produce first and second transformed 
data streams further includes: 
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means for outputting/ during a firsU period j symbols SiSi.fcom a 
first transform outputV^'and outputting a negative, complex 
conjugate of symbols S2S2 from a second transform output in 
response to an input of a nrsl commutated data stream having 
symbols Si S1S2S2: and - • * 

means for outputting/ during a'second' period, syinbols'-S2S2 from 
the first transform output, and outputting a complex^ conjugate 
of syr^bols SiSi from the second transform output. 

12. The system for transmitting data according to claim 8 
wherein the transmitters for transmitting each of the plurality of 
antenna signals using a selected one of a plurality of spaced apart 
antennas further .include^' mearis' fbr'^ nioduiatirig, ufidonverting. 
. ampl^^ of ti^e plurality of ahteiina signals 

using a selected one of a plurality of spaced apart ante^^^ 
the plurality of spaced apart antennas are spaced apart to provide 
transmit diversity. , - , 



1 
2 
3 
4 

5 

6 



13. The system for transmitting data according to claim 8 
v^herein „the transmitters for transmitting each of the plurality of 
antenria signals using; a selected one of a plurality of spaced apart 
antennas further include means for selecting different antennas in 
the antenna array for transmitting each of the plurality of antenna 
signals. 
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14^ 'The system' for transmitting data according to claim 13 
wherein' the meaiis tor selecting different - antennas in the antenna 
Way'for tr^smlttihg each of the plurality of antenna signals further 
includes means- for periodically selecting different antennas in the 
antenna array for transmitting each of the plurality of antenna 
signals according to an .antenna . switching., pattern . that is 
synchronized with a symbol clock divided by an integer. , 
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15. A' method for receiving- data in a receiver in a wireless 
communication system, wherein the data has been transmitted from 
a transmitter using an antenna array to trarismit , a., signal having 
transmit diversity! the method comprising the steps of: . 

receiving and down-converting a received signal to produce a 
baseband' received signal; : . , . : , , . 

despreading the baseband received signal using despreading codes 
that correspond to spreading codes used in the transmitter to 
produce antenna signals that are transmitted from antennas in 
the antenna array, wherein the despreading produces received 
transformed signals; 

inverse transforming each received transformed signal to produce 
inverse transformer output signals; 

de-commutating all inverse transformer output signals to produce 
a signal containing traffic channel data. 

16. The method for receiving data according to claim 15 
wherein the step of inverse transforming each received transformed 
signal to produce inverse transformer output signals further includes 
space-time decoding each received transformed signal to produce 
inverse transformer output signals. 

17. The method for receiving data according to claim 15 
wherein the step of de-commutating aU inverse transformer output 
signals to produce a signal containing traffic channel data further 
includes: 
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selecting and outputting a first group of symbols from a first 
inverse tV^sformer' outptii Signals during a first period; 

* ' 'selecting and outputting a second group of symbols from a second 
inverse transformer output ^signals during a second period to 
produce a signal containing traffic chaimel data. 

18. The method for receiving data according to claim 15 
■ ^ \X^herein' the ^ step of inverse f transforming each received transformed 

signal to produce inverse transfprmcr output, sign^s further includes 
^~ estirhating tWo s3Tnbols using, coherently combinefi channel gains to 

pfodtice inverse traiiisformer output rsignals., . \ . 
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19'. A system for receiving d^ta iri. a receiver , in a wireless 
communication system, wherein the data has been transmitted from 
a transmitter using an antenna array to .transmit, a signal having 
transmit diversity, "the system comprising: : . . 

a receiver for receivmg and down-converting a received signal to 
produce a baseband received signal; 

despreaders for despreading the baseband received , signal using 
^ ■ dbspreading codes that correspond to spreading codes^ u^ed in 
- the ' transmitter to produce ^antenna ; signals that are 
transmitted from antennas 4n the antenna array, wherein the 
despreading produces received transformed signals; 

inverse transformers for inverse transforming each received 
transformed signal to produce inverse transformer output 
signals; 



a 



de-commutatpr for de-commutating all inverse transformer 
output signals to produce a signal containing traffic channel 
data. 



20. The system for receiving data according to claim 19 
wherein the inverse transformers for inverse transforming each 
received transformed signal to produce inverse transformer output 
signals further include space-time decoders for space-time decoding 
each received transformed signal to produce inverse transformer 
output signals. 
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21. -The • system - for^ receiytog; date .accord to claim 19 
' \vherein the de-commutator for de-commutating aU inverse 
tr^sfortiier ' output signals to produce a. ^ignal .containing traffic 
chaimel data further includes: . , , : 

' means for selecting and outputtijng a first group, of symbols from a 
first inverse transformer output signals di^ring a first period; 

■ mediis for selectmg and outputting a sepnd group of symbols 
from a second: inverse transformer: output sigrials during a 
second period to produce a signal containing traffic channel 
- data. - ■ - :j _ • ... - 

22. The system for receiving data according to claim 19 
wherein the inverse transformers for inverse transforming each 
received transformed signal ^to , prodpce. toyerse transformer output 
signals further include means for ,estima.tlng two symbols using 
coherently combined channel gains to produce inverse transformer 
output signals. 
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23. A methdd fbr tr&iSinltttog data from a transixiitter to a 
receiver in a wireless comrriunication system; wherein, the transmitter 
uses an antenna array to transmit a signal having, transnut . diversity, 
the method comprising the steps of: : ; , 

transforming groups of symbols of an input data stream to 
produce a plurallfy of transformed data streams; , . 

spreading each transformed-data stream with a spreading code to 
produce a pluraHty of Eultehna signals; . . 

selecting one of a plurality of spaced apart antennas from the 
antenna array for each one of the plurality of antenna signals, 
wherein the pluraUty of spaced apart antennas are spaced 
apart to provide transihit diversity; and > 

' transmitting each of the pluralHy of antenna signals from the 
' selected one of the plufality of spaced apart antennas. . 

24. The method for transmitting data according to claim 23 
wherein the step of transforming groups of symbols of an input data 
stream to produce a plurality of transformed data streams further 
includes space-time coding a group of symbols of an input data 
stream to produce first and second transformed data streams. 

25. The method for transmitting data according to claim 24 
wherein the step of space-time coding a group of symbols of an input 
data stream to produce first and second transformed data streams 
further includes: 
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in response to an input of a first commutated data stream having 
" ' symbdls S1S2, outputtlngr during iS first perio4. symbol Si from 
' k first Hraiisfonn output, and= outputting a negative complex 
conjugate of symbol S2 from a second transform output; and 

' ' -butputting. 'during a second period, symbol S2 from the first 
■ ' - transform' outputv and outputting , a complex conjugate of 
symbol Si from the second transform output, wherein the first 
and second transform outputs output first and second 
transformed data streams. 

26. The method for transmitting data according to claim 23 
wherein the step of spreading each transformed data stream with a 
spreading, code to produce a plurality of antenna signals further 
includes spreading each transformed data stream with a same 
spreading code to produce a plurality of antenna signals. 

27. The method for transmitting data according to claim 23 
wherein the step of selecting one of a plurality of spaced apart 
antennas from the antenna array for each one of the plurality of 
antenna signals further includes periodically selecting N number of a 
plurality of X number of spaced apart antennas in the antenna array 
for each of N number of antenna signals, wherein N is an integer 
greater than or equal to 2. and X is an integer greater than or equal 
to 1. 
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1 28. TKe method for transmitting idata according to claim 23 

2 wherein the step- of transmitting each of the . plurality of antenna 

3 signals from the selected one- of the. plurality of spaced apart 

4 antennas further includes modulating, upconverting. amplifying, and 

5 transmitting each of the plurality of antenna signals from the selected 

6 one of the plurality of spaced'apart antennas, wherein the plurality of 

7 spaced apart antennas are spaced apart to provide transmit diversity. 
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1 ' ' ' 29.^ A system 'for trarisrmtting:d^ a transmitter to a 

2 ' ^ receiver in a wireless ' commimicatipri ^system, ^yherein the transmitter 

3 us'es an' ariterina array to transmit a signal haA^g transmit diversity, 

4 the system comprising: ■" • :: •. — 

5 " ' a 'transformer for tranSforimng groups of symbols of an iiaput data 

6 stream to produce a plurality of transformed- data streams; 

7 '- ■ ^ ^ spreaders for spreading each transformed data stream with a 

8 spreading code to produce a plurality of antenna signals; 

9 ' rhe^s for sel^cttog one of a plurality , of, spaced, apart antennas 

10 " 'ffbm'thg antenna? array; for each. one of the. p^^ 

• ■ ^- ■ - signals, wherein the plurality of spaced apart antennas are 

12 ' ' spaced apart to providf transmit diyersit^T^; anci 

13 a transmitter for transmitting each of the plurality of antenna 

14 signals from the selected one of the plurality of spaced apart 

15 "' antennas.' - - ■ ■ 

1 ■ - "30. -r.. The systeni for, transmitting data according to claim 29 

2 wherein- the transformer, for b-ansforming groups of symbols of an 

3 input data stream to produce a plurality of transformed data streams 

4 further includes a space-time coder for space-time coding a group of 

5 symbols of an mput data stream to produce first and second 

6 transformed data streams. 
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31. The system for transmitting 4ata according to claim 30 
wherein the space-time coder for. space-time ; coding a ^rpup of 
symbols of ' an input data stream to produce first and second 
transformed data streams further includes: , . , , . ^ 

means for outputting. during a first period, symbol Si from a first 
■ trdhsform output, and outputting a negaUye complejc conjugate 
of symbol S2 from a second transform output in response to an 
'input 6f a first 'coitmiutated data stream having symbols S1S2: 

and ".' '" ■ ■' " ' '". ■ ■ .,• ■• ■" ■.■ 

means ifor Outputting; during a second .period, symbol S2 from the 
first transfortn output, and outputting a complex conjugate of 
symbol Si from' the Second transform output., wheijein the first 
and second trahsfoirm outputs; putput : first, .and second 
transformed data streams. 

32. The system for transmitting data according to claim 29 
wherein the spreaders for spreading each transformed data stream 
with a spreading code to produce a pluraUty of antenna signals 
further includes spreaders ' for ' spreading each ' transformed data 
stream with a same spreading code to prPduee. a plurality of antenna, 
signals. 
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' -' 33 - The 'system for transmitting data accoriding tq claim 29 
wherein the me^s for selecting one of a pluraUty of spaged apart 
antennas from the antenna array for each one of the plurality of 
' antenha signals' further includes means for periodicaUy selecting N 
" number of a plurality of X number of spaced apart antennas in the 
antenna array for each of N number of.. antenna sign^s, wherein N is 
an integer greater than or equal to 2, and X is an integer greater than 
or equal to 1 . ' • . ■ - • . 

' ■ -' 34. ■ Hie^^^y^tem' for transmitting data according to claim 29 
" whereih 'the' transmlftei-s for transmitting _eaGh of ;the plurality of 
' aritenha signalsi from tiie selected one of the plur^^y ,pf . spaced apart 
'■ ' ahterinas : further includes means . for rnodulating. upconverting. 
ampllfyirig. and ti-ansmitting each ■of,the;^lurality of antenna signals 
from the selected one of the pluraHty of spaced apart antennas, 
wherein the plurality of spaced apart antennas are spaced apart to 
provide transmit diversity. ' ' s . , 
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'35. A- method for receiving data in. a receiver in a wireless 
communication system, wherein the data has been transmitted from 
a transmitter using selected antennas , in . an antenna . array for 
selected time pferiods to transmit a signal ^having different channels in 
response to the selected antennas in the selected time periods, the 
method comiDrisihg the steps of: . , . , > 

receiving and down-converting a received signal to produce a 
baseband received signal; 

■ despreading the baseband received signal .Vising a dppreading 
c6de that corresponds to , a., spreading code, used in_ the 
- transmitter tb produce a- plurality =pf:; anterma .signais th^t are 

transmitted from selected antennas .in , tlie. ^ antenna array. 
Wherein th& despreading : prod.uces .. received ti-a^^^ 
■ sighciis; and- /■ >: .- . . 

in response to the channel determined by the selected antennas in 
the selected time period, inverse transforming each received 
transformed signal to produce inverse transformer output 
signals. 

36. The method for receiving data according to claim 35 
wherein the step of inverse transfonming each received transformed 
signal to produce inverse transformer output signals further includes 
space-time decoding each received transformed signal to produce 
inverse transformer output signals. 
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■ 37. A system for receiving data in a receiver in a wireless 
communication system, wherein the data has been transmitted from 
a - transmitter using selected antennas in an antenna array for 
selected time periods to transmit a signal havirig different channels in 
response 'to the selected antennas in the selected time periods, the 
system c6mprising: - 

a; fe"eiver ;for receiving and down-converting a received signal to 
. prdduce a baseband received signal'; - ' ; 

a despreader for despreading the baseband received signal using a 
despreading code that corresponds to a spreading code used in 
• ' the transmitter to produce a plurality of antenna signals that 
are. transmitted from selected antennas in the anterma array, 
wherem the despreading produces received transformed 
. signals; -and . > 

an inverse transformer for inverse transforming eaqh received 
transformed signal to produce inverse transformer output 
signals in response to the channel determined by the selected 
^ ' anteimas in the selected time- period. ' 



38v - -The system for receiving data according to claim 37 
wherein the inverse transfoririert^for Inversel transforming each 
' > received transformed signal toj produce Inverse transformer output 
' signals SiOierilncludes a space- time' decoder for spacef^e decoding 
each reCf&ld j transformed signal to .produce--;.i4y4rse jt^ansformer 
oiitnut-lslSrials: 
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